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Abstract
In this paper, we study the bias in interest rate projections of five central banks, namely
the central banks of theCzechRepublic, NewZealand,Norway, Sweden, and theUSA.
We examinewhether central bank projections are based on an asymmetric loss function
and report evidence that central banks perceive an overprojection of their longer-term
interest rate forecasts as twice as costly as an underprojection of the same size. We
find that forecast rationality is consistent with biased interest rate projections under
the assumption of an asymmetric loss function, which contributes to explaining the
behavior of the examined central banks and their forecasts.

Keywords Asymmetric loss · Forecast rationality · Interest rate forecasts

JEL Classification E43 · E47 · E58

1 Introduction

Over the past 20 years, central banks have increasingly embarked on a stance of more
transparent policy-making and more open central bank communication. While tra-
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ditional views on central bank communication advocated the publication of as little
specific information as possible, the acknowledgement of the role that public expec-
tations play in macroeconomic stabilization has brought about a shift toward more
openness in communicating policy intentions and decisions (Rudebusch andWilliams
2008). Against this background, central banks have recently introduced a number of
innovative, new instruments as part of their efforts to guide and lead financial market
expectations into the desired direction.

Oneof the latest innovations in this context andone considered to be a “new frontier”
in central bank communication is the publication of interest rate projections (Blinder
et al 2008). The publication of such forecasts was first introduced by the Reserve
Bank of New Zealand in 1997, when it issued a forecast of the future 90-day bank
bill rate as part of its Monetary Policy Statements aiming at providing some strong
guidance for interest rate expectations. Since then, a few other central banks followed
this approach. In 2005, the Norges Bank began to issue projections of its own key
policy rate. In 2007, the Swedish Riksbank began to publish forecasts of the future
repo rate and the CNB followed in 2008with forecasts of the Prague InterbankOffered
Rate (PRIBOR). Iceland’s Sedlabanki Islands published projections of its own policy
rate starting in 2006, but discontinued this policy in 2010. In 2012, the US Federal
Reserve System started publishing forecasts of its target federal funds rate, which can
also be interpreted as increased interest in this means of central bank communication.
Even though only a handful of central banks have so far published projected interest
rate paths, by now enough data have accumulated for empirical research, making this
a “high-priority area” for academic research in general (Blinder et al 2008).

In the context of this innovative approach to more transparent central bank com-
munication, the academic literature on interest rate projections of central banks is still
in a nascent stage. Rudebusch and Williams (2008) and Gosselin et al (2008) discuss
the value of publishing interest rate projections. More specifically, Rudebusch and
Williams (2008) find that “communication of interest rate projections can better align
the public’s and the central bank’s expectations” and that this improved “alignment of
expectations generally leads to improvements in macroeconomic performance.” How-
ever, they point out that a misinterpretation by the public of such interest rate forecasts
as “unconditional commitments” might present a significant pitfall to this instrument
of central bank communication. Gosselin et al (2008) use this reasoning and formulate
conditions under which central bank transparency leads to welfare losses: assuming a
significant degree of information heterogeneity between a central bank and the public,
this communication policy should not be pursued if the central bank shows signs of
time inconsistency. Detmers and Nautz (2014) find that interest rate projections do
appear to be helpful in the overall market expectations management of a central bank,
but, at the same time, such projections tend to become stale quickly, which then con-
tributes to increasing market uncertainty. They also show that interest rate projection
horizons beyond four quarters do not provide much useful information to markets and
might even lead to higher interest rate volatility (Detmers and Nautz 2013).

Building upon the existing literature, this paper aims at contributing to the inves-
tigation of interest rate projections as a new means of central bank communication.
More specifically, the paper compares these projections with actual outcomes and
examines what kind of loss function the interest rate forecasts are possibly based on.
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In this context, we are interested in identifying whether central banks’ interest rate
projections truly follow a symmetric loss function and can therefore be assumed to be
unbiased.

Our study focuses on the interest rate projections of the central banks of the Czech
Republic, New Zealand, Norway, and Sweden. These central banks have published
such projections for at least the past decade within their inflation-targeting framework.
In addition, we also take the interest rate projections of the US Federal Reserve into
account, albeit they are subject to a slightly different structure, because they provide
the individual opinions on the appropriate future federal funds rate of all Federal
Open Market Committee (FOMC) members rather than an aggregated point forecast.
We examine the forecast errors (i.e., the difference between the realized interest rate
and the interest rate forecast) across different forecast horizons and make use of an
approach developed by Elliott et al (2005) to determine whether these forecast errors
follow a symmetric or an asymmetric loss function. From a theoretical perspective,
a number of reasons might warrant central banks to over- or underestimate future
policy rates, e.g., to secure greater leeway for the effects of counter-inflationary or
counter-deflationary policies in times of need.

More generally, the analysis of macroeconomic projections has gained consider-
able attention in recent years. Studies have typically focused on projections published
by financial market participants (Dovern 2015), international organizations (Frenkel
et al 2013), or macroeconomic models (Wieland and Wolters 2011). Our analysis of
interest rate projections by central banks is relevant for several reasons. First, finan-
cial market participants closely follow the general communication of central banks
to form expectations about future interest rate decisions (Neuenkirch 2012). If cen-
tral banks provide fairly accurate interest rate forecasts, financial market participants
may use such forecasts in forming their expectations rather than trying to infer future
developments from the verbal and, thus, more qualitative communication. The anal-
ysis is also interesting from an economic policy maker’s point of view due to the
fiscal–monetary policy interaction (Davig et al 2011). Hence, fiscal policy should be
aware of the future interest rate path, which is reflected in central bank’s interest rate
projections. If central banks do not bind themselves to their projections, the effects of
fiscal policy become more uncertain. Finally, the analysis of interest rate projections
might be useful, because households and firms make bad consumption-savings deci-
sions when monetary policy is unanticipated (Leeper et al 2011). In this regard, our
paper contributes to the discussion about monetary foresight and forward guidance of
monetary policy (Pierdzioch and Rülke 2014).

To the best of our knowledge, our study is the first one that compares interest rate
projections of central banks and their actual outcomes. Although there are a number of
studies that investigate the issue of rules versus discretion and the central bank’s desire
to improve monetary foresight, research has not yet provided empirical evidence of
the underlying loss function of central banks’ interest rate projections. To this end,
our study applies the concept of an asymmetric loss function which has been used in
other studies to, for example, investigate forecasts of oil prices (Pierdzioch et al 2015),
exchange rates (Fritsche et al 2015), and other macroeconomic variables (Frenkel et al
2012).
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Table 1 Details on observation periods, frequencies, forecast horizons, and observation periods. Source:
Česká Národní Banka, Norges Bank, Reserve Bank of New Zealand, Sveriges Riksbank, US Federal
Reserve. The available forecast horizons for New Zealand, Norway, and Sweden differ across time, and
only forecast data for up to 24 months have been used in order to guarantee a consistent dataset

Country Period Frequency Forecast horizon Obs. periods

Czech Republic 2008 Q1–2018 Q4 Quarterly 3–18 months 44

New Zealand 1997 Q4–2018 Q4 Quarterly 3–24 months 85

Norway 2005 Q1–2018 Q4 Triannually 3–24 months 46

Sweden 2007 Q1–2018 Q4 Quarterly 3–24 months 50

USA 2012 Q1–2018 Q3 Biannually 1–2 years† 14

†The interest rate forecasts for the USA pertain to end of the current year, end of next year, in two years,
and in the “longer run” as described in Sect. 2.5

The remainder of this paper is organized as follows: Sect. 2 gives an overview
of the interest rate projection data of the central banks of the Czech Republic, New
Zealand, Norway, Sweden, and the USA. Section 3 discusses some stylized facts of
the projections. Section 4 lays out the econometric model that allows us to estimate the
loss function of a central bank. Section 5 presents the results of our analysis. Section
6 presents some robustness tests for our findings, and Sect. 7 offers some conclusions.

2 The data set

We study the interest rate projections of the central banks of the Czech Republic, New
Zealand, Norway, and Sweden, all of which have been publishing such projections for
at least the past decade within their inflation-targeting framework. We also examine
interest rate projections of the US Federal Reserve, albeit these are subject to a slightly
different structure. More specifically, they comprise the individual opinions for the
appropriate future federal funds rate of all FOMC members, but they do not issue
an aggregated point forecast. The analyses in Sects. 4 to 6 consider a total of more
than 2200 interest rate forecasts across different forecast horizons and observations.
As the publication of interest rate forecasts of the different central banks started in
different years, the observation periods vary in both length and forecast horizons. Table
1 summarizes the observational details of each of the five central banks.

2.1 New Zealand

The Reserve Bank of New Zealand (RBNZ) was the first central bank that published
interest rate projections. It first published interest rate projections in the last quarter
of 1997 and has been publishing these every quarter for forecast horizons between
1 month and 36 months ever since. The RBNZ has long been known for pioneering
new, innovative instruments in monetary policy, and central bank communication. For
instance, the concept of inflation targeting and the two percent inflation rate target both
originated in New Zealand in 1989 long before this became best practice in monetary
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Testing for the rationality of central bank interest rate forecasts 1041

policy for many central banks across the globe (Archer 2005). The RBNZ initially
released forecasts for the 90-day bank bill rate starting in its June 1997 Monetary
Policy Statement edition. However, only as of December 2000, the RBNZ consistently
published projections with a forecast horizon of at least 12 months. The projected 90-
day bank bill rate is a wholesale interbank rate within New Zealand, i.e., a market
reference interest rate.

2.2 Norway

In contrast to the RBNZ, the Norges Bank’s interest rate projections do not refer to a
wholesale interbank rate, but to its own key interest rate, i.e., an interest rate that the
central bank directly determines. This represents the interest rate paid on overnight
bank deposits1 with the Norwegian central bank and is therefore a monetary policy
instrument that the Norges Bank directly influences. The first forecasts were published
in late 2005 as part of the last Monetary Policy Statement of that year. The Norges
Bank published 3 Monetary Policy Reports per year with forecasts in the same format
until the end of 2012. In 2013, it increased the publication frequency to 4 times per
year.

2.3 Sweden

Similar to the projections in Norway, the Swedish Riksbank has published forecasts
of its own repo rate. The Swedish repo rate is the interest rate at which commercial
banks can borrow or deposit money for a period of 7 days with the central bank. Even
though the Swedish Riksbank has long included forward rate implied projections of
the repo rate in its inflation reports, it has only published an actual repo rate forecast
in its Monetary Policy Reports since February 2007.

2.4 Czech Republic

The publication of interest rate projections of the Czech National Bank (CNB) began
in 2008. Projections have been on a quarterly basis and have referred to the 3-month
PRIBOR, which is a wholesale interbank rate in the Czech Republic. The CNB’s
projections therefore refer to an interest rate that the central bank can only influence
indirectly (as opposed to, e.g., the key interest rate that is directly set by the central
bank). When examining these PRIBOR projections, we thus have to keep in mind that
the actual realization might not exclusively depend on monetary policy. Although the
interbank rate is a fairly short-term interest rate, it maywell be influenced also by other
factors such as the overall prevailing business sentiment, the business cycle, and the
degree of confidence among bankers. Accordingly, this might have implications for
the forecast error that is at the center of interest in section 3. As interest rate projections
of the CNB started at the time of the outbreak of the global financial crisis 2007/08

1 Since October 2011, Norges Bank imposes quotas determining the size of deposits that commercial banks
can place with the central bank. Deposits in excess of these quotas yield the sight deposit rate minus 100
basis points.
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and have spanned the entire post-crisis period, they cover a period of a more or less
steadily declining interest rate trend.

2.5 The USA

The interest rate projections for the USA differ from the other four countries in that
no single point forecast is made, but rather every Monetary Policy Report (published
biannually), since 2012 contains a dot plot representing the results of a survey among
all members of the FOMC. Members of the FOMC are asked about their individual
assessments of the appropriate target federal funds rate by the end of the current year,
as well as the end of the subsequent and following year, in two years, and in the longer
run. The analysis in Sect. 4makes use of all projections except for those for “the longer
run,” because it is difficult to clearly associate a realized interest rate to this forecast
horizon in order to compute the forecast error. Since no FOMC member is obliged to
submit an assessment about the appropriate target federal funds rate, the number of
submitted forecasts in the data set varies and ranges from 16 to 19 for a single forecast
period, resulting in a total of 208 forecasts across 12 Monetary Policy Reports since
2012. Due to the different data structure of the interest rate projections of the Federal
Reserve, several analyses presented in Sects. 5 and 6 cannot be conducted in the same
way for the USA as for the other countries.

3 Interest rate projections and forecast rationality

This section studies some general characteristics of the interest rate forecast errors. To
this end, Fig. 1 plots the interest rate path (solid line) and the interest rate projections
(dotted line) for each central bank. The figure suggests that there are periods, during
which interest rate projections were consistently above or below the actual interest rate
path. The Czech Republic (upper left panel) shows a somewhat ambiguous picture,
as the forecast errors tend to be mostly positive between 2009 and 2012 and turn out
flat after 2012, possibly suggesting a particularly strong case of forward guidance in
the low interest rate period. In the case of New Zealand, findings are more distinctive
and it is obvious that the forecast errors are negative for the period from roughly the
beginning of the 2000s until the global financial crisis in 2008. The forecast errors
become mostly positive as of 2009, broadly reflecting the business cycle and the
associated high- and low-interest rate environments.Detmers andNautz (2012) already
pointed out that most projection paths seem to show a “mean-reverting” behavior
and suggest that the RBNZ published long-term interest rate projections in order to
stabilize expectations whenever actual interest rates were seen as extraordinarily high
or low. Norway and Sweden (lower panels) offer similar findings, albeit the pre-crisis
tendency of underpredicting is not as distinctively visible compared to New Zealand
due to the shorter time horizon. However, for the period since the global financial
crisis in 2008, there is again a clear pattern of overpredicting the repo rate. In the
case of Sweden, being a member of the European Union and given the proximity to
the euro area, an indirect impact of the economic conditions and the monetary policy
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Testing for the rationality of central bank interest rate forecasts 1043

Fig. 1 Actual and projected interest rate paths. Note: figure 1 plots the actual interest rate paths (solid lines)
against projected interest rate paths (dotted lines), beginning with the first published data of the respective
central bank. Data are taken from the websites of the Česká Národní Banka, the Reserve Bank of New
Zealand, the Norges Bank, and Sweden’s Riksbank. Graphical representation of data from the US Federal
Reserve was not possible due to the specifics of their data structure, as discussed in Sect. 2.5
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1044 M. Frenkel et al.

conducted by the European Central Bank cannot entirely be ruled out. The Swedish
Krona, however, is officially a free-floating currency, and Sweden has no plans to join
the euro area in the near future as reflected by its renunciation to join the European
Exchange Rate Mechanism II, which is a precondition for joining the euro area later.

To empirically investigate the bias in the interest rate projections of central banks,
Tables 2 and 3 report the results of a regression of the forecast error on a constant for
different forecast horizons. The forecast error is defined as the difference between the
realized interest rate at time t + 1, which we denote as rt+1, and the projected interest
rate which was published at time t for time t + 1, denoted as ft+1. For the Czech
Republic, a statistically significant positive bias for the end-of-the month and 3-month
horizons reflects that the CNB seems to have underpredicted interest rates. However,
beyond the 9-month interest rate horizon, the CNB has systematically overpredicted
the interest rate. For New Zealand, we find that with an increasing forecast horizon, a
significant nonzero bias emerges in the forecast errors. More specifically, a negative
bias in the forecast errors becomes visible and statistically significant starting at a
6-month forecast horizon. This result becomes even stronger with an increasing fore-
cast horizon. In other words, the Reserve Bank of New Zealand shows a tendency to
over-predict interest rates, which is also applicable to the forecast error bias regression
results for Norway, albeit somewhat weaker in both effect and statistical significance
especially for the shorter forecast horizons. Table 2 reveals that a negative bias in
Norges Bank’s interest rate forecasts manifests itself at a statistically significant level
for all forecast horizons beyond 9 months. The case of Sweden shows the same phe-
nomenon as already reported for New Zealand and Norway. As for New Zealand, a
negative bias in forecast errors becomes statistically significant for forecast horizons
beyond 6 months. Again, with increasing horizons, the bias becomes stronger in both
size and statistical significance. Similarly, Table 3 reports an increasing negative bias
in the forecast errors with increasing forecast horizons for the USA.

To further test the unbiasedness of interest rate projections, we follow Holden
and Peel (1990), Chortareas et al (2012) and Cohen et al (2015) in their notion that
the joint hypothesis based on a bivariate regression is a sufficient but not necessary
condition, which in turn over-rejects the null hypothesis of unbiasedness. Hence, we
follow Holden and Peel (1990) and Cohen et al (2015) by using a univariate test of
biasedness, since it tests for both necessary and sufficient conditions. The results in
Table 4 for the 3-month forecast horizon using two auxiliary variables, inflation and
economic growth, appear mixed. The column “efficiency” reports the p-values of the
estimated coefficients, which vary across instruments and central banks. Inmost cases,
the estimated coefficient is not statistically significant, indicating that the unbiasedness
condition is fulfilled.

In addition, we apply a martingale test of the forecasts and a convergence test of
the forecast errors. The martingale test investigates whether forecast revisions are
uncorrelated to the information set available to the forecaster. To be consistent in our
analysis, we again use inflation measured by the change in the consumer price index
(CPI) and the real GDP growth rate as available information sets for each and every
interest rate forecast revision. Following Batchelor and Dua (1991), we estimate:

fi,t−h,t − fi,t−h−1,t = α + βi xi,t−h−1 + ε (1)
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Table 3 Regression results for the forecast error bias of the Federal Reserve

Forecast horizon

End of current year End of next year End of two years

Constant −0.188∗ ∗ ∗ −0.582∗ ∗ ∗ −1.094∗ ∗ ∗
Robust standard error (0.029) (0.055) (0.075)

Skewness −0.2667 −1.171 −0.428

Kurtosis 5.678 4.454 2.318

Observations 239 208 175

Table 3 reports the results of a simple OLS regression of the interest rate forecast errors of the Federal
Reserve on a constant for different forecast horizons. We find significantly negative biases in the forecast
errors, indicating a systematic overstatement of interest rate forecasts (H0 : β �= 0)
∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.1

where fi,t−h,t − fi,t−h−1,t denotes the forecast revision of forecaster i at time t for
forecast horizon h and xi,t−h−1 the available information set at the time the forecast
wasmade. Themartingale condition can then be tested by testing the restrictionβi = 0.

The convergence test analyses whether the error variance is non-increasing as the
forecast horizon shortens. This test is applied by Batchelor and Dua (1991), Muth
(1961), Patton and Timmermann (2012) and requires the forecast error variance not
to increase as the forecast horizon shortens.

Our results indicate that the martingale condition is not consistently met by the
interest rate projections of the central banks of the Czech Republic, New Zealand,
Norway, and Sweden. Table 5 reports the estimated results of the regression as spec-
ified in equation (1) and shows that none of the four countries consistently meet the
martingale condition as indicated by statistically significant regression coefficients.
For the Czech Republic, the estimated coefficients are statistically significant in 7 out
of 18 cases across forecast horizons and information sets and therefore fail to meet
the martingale condition. For New Zealand, the coefficient estimates are statistically
significant in 8 out of 27 cases, for Norway in 9 out of 27 cases, and for Sweden in
18 out of 27. Whereas for the Czech Republic it is difficult to point out a variable that
seems somewhat consistently correlated with its forecast revisions, the inflation rate
is statistically significantly correlated with the interest rate forecast revisions of New
Zealand for 5 out of 9 forecast horizons and for 8 out of 9 forecast horizons in Swe-
den. Economic growth produces statistically significant regression coefficients for 6
out of 9 forecast horizons in Sweden, and unemployment appears to be correlated with
Norway’s forecast revisions for 7 out of 9 forecast horizons. Overall, the martingale
condition is best satisfied by the forecast revisions in New Zealand as indicated by
the lowest number of statistically significant correlations between revisions and infor-
mation sets across all forecast horizons. Norway closely follows with only one more
instance, and the Czech Republic comes in third. Sweden’s forecast revisions seem to
be most strongly and consistently correlated with the contemplated information sets
of all four central banks.

Regarding the convergence criterion, Fig. 2 depicts the forecast error variance for all
four central banks for decreasing forecast horizons. In the case of the Czech Republic,
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1054 M. Frenkel et al.

Fig. 2 Convergence test—forecast error variances. Note: figure 2 plots the forecast error variance across
forecast horizons for the central banks of the Czech Republic, New Zealand, Norway, and Sweden. All four
central banks show a tendency of decreasing forecast error variance with decreasing forecast horizons. This
is consistent with the convergence criterion of rational forecasts. Due to their different data structure, the
USA had to be omitted from this representation

New Zealand, and Norway, forecast error variance clearly decreases with decreasing
forecast horizons, albeit the amount by which forecast error variance is decreasing
varies considerably. In the case of Sweden, the convergence condition requiring fore-
cast error variance to be non-increasing with shortening forecast horizons is not met.
Between forecast horizons of 18 and 27 months, the forecast error variance is clearly
increasing as shown in Fig. 2.

Overall, forecast rationality as defined by the unbiasedness, orthogonality, conver-
gence, and martingale conditions cannot be empirically supported for the interest rate
forecasts of the Czech Republic’s, New Zealand’s, Norway’s, and Sweden’s central
banks.

4 The econometric model

In this section, we examine the bias in forecast errors in more detail by assuming that
central banks are based on an asymmetric loss function. Unlike traditional tests of
forecast rationality, which regress the forecast error on a set of variables, the asym-
metric loss function renders it possible to weight overprojections and underprojections
differently. More formally, we apply the approach developed by Elliott et al (2005)
which indicates that a central bankminimizes the observed forecast errors by assuming
the following general central bank’s loss function, L:

L = [α + (1 − 2α)I (rt+k − ft,t+k < 0)]|rt+k − ft,t+k |p, (2)

where I refers to an indicator function which accounts for the asymmetric forecast
error, p reflects the functional form with p = 1(= 2) representing a linear (quadratic)
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Testing for the rationality of central bank interest rate forecasts 1055

loss function, and k denotes the forecast horizon. In case of α = 0.5 and p = 1, the
loss function is symmetric and reduced to L = 0.5|rt+k − ft,t+k | which is consistent
with the traditional tests for rationality. In this case, forecasts that turn out to be
higher than the observed value later (i.e., overpredictions) lead to the same loss as
equivalent forecasts that turn out as too low (i.e., underpredictions). In both cases,
the loss is linear in the forecast error and its graph is V-shaped. If, however, p = 2,
then the quadratic symmetric loss function underlies a traditional Mincer–Zarnowitz
regression of forecast unbiasedness and the loss increases over-proportionately with
the size of the overpredictions and underpredictions. In this case, the loss function
takes on the shape of a parabola. However, as long as α = 0.5, it is symmetric around
the zero forecast error. For values of α smaller or greater than 0.5, the loss function
becomes asymmetric. If, for example, α = 0.4, the loss function (for p = 1) becomes
L = [0.4+0.2 · I (rt+k − ft,t+k < 0)]|rt+k − ft,t+k |. In this case, if rt+k − ft,t+k > 0
(underprediction), the expression in brackets is 0.4. However, if rt+k − ft,t+k < 0
(overprediction), the expression in brackets is 0.6. Hence, an overprediction is more
harmful than anunderprediction. The asymmetry is in the opposite direction ifα > 0.5.
In our empirical analysis, we follow the notion to look for the shape of the loss function
that is most consistent with the observed forecast errors of a central bank. If we find
that α is not significantly different from 0.5, we conclude that central banks indeed
have a symmetric loss function. Any value for α significantly different from 0.5 in
reverse indicates the existence of an asymmetric loss function.We also assume that the
loss from interest rate forecast errors can be modeled separately from the loss from,
for example, inflation rate forecast errors.

Elliott et al (2005) report that given the functional form of the loss function p,
the following general method of moments (GMM) estimator yields a consistent and
unbiased estimate of the asymmetry parameter: α̂.

α̂ =
[ 1
T

∑T+τ−1
t=τ vt |FE |p−1

]′
Ŝ−1

[ 1
T

∑T+τ−1
t=τ vt I (FE < 0)|FE |p−1

]

[ 1
T

∑T+τ−1
t=τ vt |FE |p−1

]′
Ŝ−1

[ 1
T

∑T+τ+1
t=τ vt |FE |p−1

] , (3)

where FE is the forecast error and generally defined as

FE = rt+k − ft,t+k (4)

and Ŝ = 1
T

∑T+τ−1
t=τ vtv

′
t (I (FE < 0) − α̂)2|FE |2p−2 denotes a weighting matrix, vt

= vector of instruments, and T = number of forecasts available (starting at t = τ + 1).
We use as instruments a constant (Model 1), the lagged actual interest rate (Model
2), and the professional forecasts of Consensus Economics for interest rates in each
country (Model 3). Additionally, we also test for rationality of forecasts by computing
a J-test statistic as proposed by Elliott et al (2005). To produce a forecast error different
from zeromay seem irrational at first glance; however, the rationality hypothesis might
change when considering an underlying, asymmetric loss function. More specifically,
we perform a test for rationality by computing a J-test statistic using a χ2 distribution:

J (α̂) = Ê
1

T
(x ′

t Ŝ
−1xt ) ∼ χ2

d , (5)
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where xt = ∑T+τ−1
t=τ vt [I (rt,t+k − ft,t+k < 0) − α̂]|rt+k − ft,t+k |p−1 and d is the

number of instruments. To conduct the test under the assumption of symmetric loss,
we set α = 0.5 and examine the J-test statistic, which is, in this case, distributed
as J (0.5) ∼ χ2

d . If forecast rationality is rejected, this may well be caused by the
underlying symmetry assumption, which is why we compute another test statistic by
allowing for asymmetric loss, i.e., α �= 0.5. By comparing J (α̂) with J (0.5), we can
assess whether using an estimated asymmetric loss function rather than an invoked
symmetric loss function weakens evidence against forecast rationality.

5 Estimation results

Table 6 reports the estimation results of the asymmetry parameters α̂ and for forecast
rationality under a symmetric J2(0.5) and asymmetric J2(α̂) loss for all central banks
considered. Estimates were performed for nine forecast horizons and for both a linear
and quadratic loss function. Results reported here refer to the estimates of the asymme-
try parameter α̂1, in which a constant is used as an instrument. Additionally, two other
instruments were used as well: α̂2 denotes asymmetry parameters that were estimated
using the lagged actual interest rate as an instrument. These yield qualitatively very
similar results to the estimates using a constant. Forecast errors of the professional
interest rate forecasts by Consensus Economics were also used as an instrument and
are shown as α̂3.

Four main findings can be highlighted. First, for the current-month2 forecasts, only
the estimates for New Zealand suggest with statistical significance (independent of the
linearity or nonlinearity of the assumed loss function) that the parameter α is 0.5 and,
thus, the central bank of New Zealand values overpredictions and underpredictions
equally. The USA exhibits an asymmetric loss function for the end-of-year forecasts
by consistently producing an asymmetry parameter greater than 0.5 across linear and
quadratic loss function specifications. For the other central banks, the picture is more
mixed and does not rule out an asymmetric loss function. This finding is valid for three-
month forecasts as well. The central bank of Norwaymore or less consistently exhibits
an asymmetry coefficient of lower than 0.5 in the linear as well as in the quadratic
specification, while for the Czech Republic and Sweden, the asymmetry parameter
estimates vary greatly when moving from a linear to quadratic loss function.

Second, comparing the different α̂ estimates across all forecast horizons as illus-
trated in Fig. 3 suggests that for the 6-month forecast horizon the α̂ estimates are
consistently closer to 0.5 than for other forecast horizons. This suggests that this is the
time frame for which central banks aim at making as accurate forecasts as possible. A
possible explanation for this could be that central banks consider the 6-month forecast
horizon to be a “sweet spot” for forward guidance, possibly based on their experience
that this forecast horizon is most effective in steering expectations.

Third, for forecast horizons of more than 6 months, central banks examined here
show asymmetry parameters that are greater than 0.5 in the majority of the cases.

2 Interest rate projections with a one-month forecast horizon, i.e., predicting the interest rate for the end of
the month.
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1062 M. Frenkel et al.

Fig. 3 Asymmetry parameter estimates across forecast horizons. Note: figure 3 plots the α estimates along
forecast horizons for the four different model specifications. By visual appraisal, 6 months seem to be
most consistently the forecast horizon where the α estimates are closest to 0.5 across central banks and
models. Gray-shaded area indicates 90%-confidence band of estimates for the Czech Republic. For lucidity
purposes, the other confidence bands are omitted from this figure but available upon request. Due to their
different data structure, the USA had to be omitted from this representation
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This indicates that the central banks associate underprojections of their interest rate
forecast with higher costs. Apparently, they prefer to overpredict the future interest
rate path. One possibility is that they use their interest rate forecasts to leave room
for unannounced interest rate cuts at the expense of a lower forecast accuracy. This
would be in line with our initial considerations, according to which there may be a
trade-off between providing accurate forecasts and pursuing macroeconomic stability.
Such considerations may play a more important role only for longer forecast hori-
zons. Further testing for rationality confirms for most cases that rationality of central
banks’ forecasts cannot be rejected at a statistically significant level when assuming an
asymmetric loss function. More specifically, the Hansen J-tests for overidentification
performed for all α̂ estimations shown in Tables 6 and 7 indicate that for 83 out of
136 cases, the significance level of the J2 test statistic decreases and the rationality
hypothesis therefore becomes harder to reject.

Fourth, the results do not indicate that the loss function is generally linear or
quadratic. In about 60 % of the cases, the estimates of the loss function for a given
central bank and forecast horizon are relatively similar for the two specifications. For
the rest of the cases, there is no clear sign which specification dominates. The simi-
larity of the estimates for the linear and the quadratic specification may be a result of
the generally small magnitude of the forecast errors. In this case, large errors, which
would weigh heavily in a quadratic specification, are very much the exception.

Figure 4 visualizes the estimated linear loss functions for all central banks. When α

is estimated to be smaller than 0.5, the graph of the loss function is steeper for negative
values of the forecast error rt+k − ft,t+k < 0 (overprediction) than for positive values
of the forecast error (underprediction). This can be found more often for shorter than
for longer forecast horizons. As in the example of New Zealand, the panel “current
month” indicates that an 8 % underprojection of the interest rate (point A) yields
the same loss as a 5.4 % overprojection (point B). With increasing forecast horizons,
the graphs of most loss functions clearly turn counterclockwise. For quadratic loss
functions (shown in Fig. 5), the convergence effect is even more pronounced. As a
consequence, in the case of New Zealand, the central bank has the highest preference
of overprojection for the 21-month forecast horizon. Here, point C indicates that an 8
% overprojection (negative forecast error) yields the same loss for the Bank of Norway
as a 4.0 % underprojection (point D).

Tables 4 and 8 report the results of orthogonality tests conducted on a variety
of economic variables in order to identify possible systematic relationships between
central bank forecast errors and some economicmeasure of interest. More specifically,
we test for orthogonality of interest rate forecast errors and the lagged actual interest
rate, the actual inflation rate, the real GDP growth rate, and the actual unemployment
rate. To conduct this test, we estimate the following regression model:

rt − ft = α + βXt + ε, (6)

where rt − ft denotes the forecast error and Xt a vector of economic variables. Orthog-
onality between forecast errors and the economic variable in question is tested for by
computing an F test statistic hypothesizing α = β = 0. This null hypothesis implies
rationality since an α coefficient and β coefficient of zero indicate no influence of
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the economic variable on the forecast error. In other words, all information that is
considered to influence the forecast is already included therein. Table 4 reports the
results of univariate orthogonality tests of the forecast errors for the 3-month forecast
horizon and the inflation rate and GDP growth. Against the inflation rate, the Czech
Republic, NewZealand, andNorway seem tomove toward orthogonality and therefore
forecast rationality when switching from a symmetric to an asymmetric loss function.
For the test against GDP growth, New Zealand and Sweden exhibit a similar behav-
ior. Therefore, for 5 out of 8 cases, the statistical significance of the F test statistic
decreases when switching from symmetric to asymmetric loss functions, making it
harder to reject the null hypothesis and therefore indicatingmovement toward rational-
ity (subject to the implied uncertainty associated with the estimation of the asymmetry
parameter). Additionally, Table 8 reports the results of the orthogonality tests for a
multivariate specification now including inflation, GDP growth, and unemployment.
They represent similar findings. Here, in all four cases statistical significance of the F
test statistic decreases, again implyingmovement toward rationality when allowing for
an asymmetric loss function. Figure 6 visualizes this finding showing the p-values of
the F statistic under a symmetric loss function on the horizontal axis and the respective
values under an asymmetric loss function on the vertical axis. The large majority of
p-value pairs is located above the 45-degree line, indicating an increase in p-values
when considering α �= 0.5 instead of α = 0.5. This reflects that the hypothesis of
forecast rationality of central bank’s interest rate projections is more supported by an
asymmetric loss function than a standard symmetric loss function.

6 Some robustness tests

6.1 Rolling window regression

In order to test for robustness of our results and to possibly identify time-varying or
other structural patterns in our α-parameter estimates, we begin with conducting a
rolling window regression. We apply a window of 25 observations rolling through the
respective observation periods for each central bank. The rolling window estimation
is conducted for all forecast horizons as set out in Sect. 2, i.e., from one month to 27
months for New Zealand, Sweden, and Norway and from one month to 18 months for
the Czech Republic. We apply the original regression model specified in Sect. 4 to
each regression window.

Figure 7 provides a graphical illustration of the results of these rolling window
regressions for New Zealand forecast horizons of up to 9 months.3 Two main obser-
vations emerge from this analysis: (1) Estimates of the asymmetry parameter tend to
increase with the forecast horizon. This is in line with our previous findings of increas-
ing asymmetry in central banks’ loss functions for increasing forecast horizons and
therefore confirms robustness across the different rolling windows. (2) The volatility
of the α-parameter estimates is remarkably low. Besides a weak indication of a time

3 For reasons of clear arrangement and parsimony, we refrain from including visual representations for all
countries and forecast horizons and central banks; however, these are available upon request.
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1066 M. Frenkel et al.

Fig. 4 Estimated linear loss functions for different forecast horizons. Note: figure 4 plots the estimated linear
loss functions for all four central banks across different forecast horizons. The forecast error is defined as
the difference between the actual interest rate and the central bank’s projection, i.e., rt+k − ft,t+k . While
some variance among the four central banks is visible for shorter forecast horizons, a clear trend of moving
toward left-sided asymmetry becomes apparent for longer horizons. This implies that underprediction is
costlier than overprediction, as discussed in Sect. 5. Due to their different data structure, the USA had to
be omitted from this representation

trend with α-parameters slightly increasing over time, the estimates overall show only
little variation across all regression windows.

The main observations of the rolling window regressions are in line with our previ-
ous findings.Moreover, the absence of a structural pattern apart from the identified time
trend can be interpreted as robustness of our main empirical analysis. The indication of
a time trend for the α-parameter, however, is noteworthy. A possible explanation can
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1068 M. Frenkel et al.

Fig. 5 Estimated quadratic loss functions for different forecast horizons. Note: figure 5 plots the estimated
quadratic loss functions for all four central banks across different forecast horizons. The forecast error is
defined as the difference between the actual interest rate and the central bank’s projection, i.e., rt+k −
ft,t+k . While some variance among the four central banks is visible for shorter forecast horizons, a clear
trend of moving toward left-sided asymmetry becomes apparent for longer horizons. This implies that
underprediction is costlier than overprediction, as discussed in Sect. 5. Due to their different data structure,
the United States had to be omitted from this representation

be related to the respective time periods included in this analysis. For New Zealand,
an entire business cycle is mapped in the data from late 1997 until the end of 2015. By
contrast, data for Sweden (Fig. 8) start in Q1 2007 and therefore basically represent the
period of the global financial crisis of 2007–2008 with all its ramifications on markets
and institutions thereafter. It can be assumed that the exceptional economic circum-
stances created by the global financial crisis also had an impact onmonetary policy and
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Testing for the rationality of central bank interest rate forecasts 1069

Fig. 6 Orthogonality test scatter plot. Note: figure plots the p-values for the F statistic resulting from the
orthogonality test regressions. The p-value for the F statistic under a symmetric loss function is plotted on
the x-axis, whereas the corresponding p-value for the same regression under an asymmetric loss function
is plotted on the y-axis. P-values from the orthogonality tests against actual inflation, real GDP growth
and a combination of inflation, GDP growth, and unemployment are shown as reported in Tables 4 and 8.
Any marker above the 45-degree line suggests that by moving from a symmetric to an asymmetric loss
function, evidence against rationality is weakened. The dotted square at the lower left-hand corner indicates
the “zone of statistical significance” at the 95% confidence level

therefore also on the way, it was communicated. A growing body of related academic
literature has scrutinized the changing stance of central bank communication and has
consistently found that priorities in central bank communication have shifted (Siklos
2015). The former governor of the Bank of Canada and the current governor of the
Bank of England Mark Carney (2009) stipulated that “an effective communications
strategy for normal states may prove counterproductive in exuberant states.” Siklos
(2015) and Vayid (2013) also find that price stability concerns have at least temporar-
ily lost some ground to financial stability matters in central bank communications.
Consequently, we can assume that also in the case of the four central banks considered
in our study, the different economic conditions created by the global financial crisis
led central banks to adjust their communications strategy accordingly. With a higher
weight being put on strategic (financial stability) considerations, the inclination toward
giving out forecasts that are rational under an asymmetric loss function increases, as
briefly pointed out in Sect. 5. Therefore, even though the discussed ideas in Sect. 5 are
far from proven, the observation of a time trend in the forecast data revealed by this
rolling window regression is at least conformable with the mechanisms discussed.
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1070 M. Frenkel et al.

6.2 Pooled regression

We perform an additional test for robustness by examining whether there is a differ-
ent forecasting behavior during recession and non-recession periods. A first visual
appraisal of forecast errors on the basis of Figure 1 suggests a potential correlation
between high interest and low-interest phases with systematic underprediction and
overprediction, respectively. In order to identify a possible systematic relationship, we
conduct a regression for a sample split, dividing the data set into two parts. Follow-
ing conventional wisdom, we define a quarter to be in “crisis” when two consecutive
quarters of negative real GDP growth have previously occurred and there has not been
any positive growth yet. Given the limited number of observations for each central
bank and the even more limited number of crisis quarter observations within the data
set, we pool all observations across countries before running the regression.

Table 9 reports the resulting α-parameter estimates for the data set divided in
recession and non-recession periods. The results reveal a considerable difference in
α parameter estimates of up to 0.328 between recession and non-recession periods
for shorter forecast horizons. For longer forecast horizons, however, the estimates
seem to converge and a differentiation between the two period types becomes less
meaningful. In line with the arguments brought forward in Sect. 6.1, these findings
suggest that there might indeed be reason to believe in a different stance in cen-
tral bank communication in times of recessions. Moreover, this modified behavior
seems to hold especially for communication of macroeconomic indicators in the short
term, as indicated by the large difference in α parameter estimates for recession and
non-recession periods for the current-month, the 3-month, and the 6-month forecast
horizons. Archer (2005) elaborates on the various components included in generating
an interest rate projection from the perspective of the RBNZ.Among a number of other
factors, he specifically points out ad hoc adjustments to the underlying central bank
reaction function based on changing assessments on overall risk and uncertainty. It
seems reasonable to assume that during an economic downturn as experienced during
the global financial crisis, the assessment of exactly these factors might have changed
and led to a corresponding alteration of central banks’ forecasting models. In contrast,
the convergence of the α-parameter estimates for longer forecast horizons regardless
of recession or non-recession situations can be interpreted as indicative of long-term
targets of central banks which are supposed to be more or less constant and not subject
to ad hoc reactions to current circumstances.

In sum, the robustness of our initial results in Sect. 5 is complemented by a differ-
entiated view on the impact that recessions can have on central bank communication
in general and interest rate projections in particular.

7 Conclusion

Starting from considerations on why it might be rational for central banks to issue
biased or inaccurate projections, this paper examines a very recent and innovative
central bank communication instrument that has not yet been investigated extensively
in the academic literature. Forecast rationality of central bank interest rate projections
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Testing for the rationality of central bank interest rate forecasts 1071

Fig. 7 Rolling window regressions New Zealand. Note: figure plots the estimated α-parameters from a
rolling window regression for New Zealand for different forecast horizons. The rolling window size is
25 observations, and both linear (solid lines) and quadratic (dotted lines) loss function estimations are
presented. The rolling α-parameter estimates seem to increase with increasing forecast horizons and also
show an upward tendency over time. Further results and interpretations thereof are provided in Sect. 5
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1072 M. Frenkel et al.

Fig. 8 Rolling window regressions Sweden. Note: figure plots the estimated α-parameters from a rolling
window regression for Sweden for different forecast horizons. The rolling window size is 25 observations,
and both linear (solid lines) and quadratic (dotted lines) loss function estimations are presented. The rolling
α-parameter estimates seem to increasewith increasing forecast horizons and also show an upward tendency
over time. Further results and interpretations thereof are provided in Sect. 5
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is rejected for most central banks and respective forecast horizons when assuming a
symmetric loss function. This, however, needs to be reconsidered when an asymmet-
ric loss function can be assumed. We cannot reject rationality for most interest rate
forecast errors when emanating from an asymmetric loss function and even find that
with increasing forecast horizons, the asymmetry of the estimated central bank loss
functions becomes more pronounced. Particularly with regard to the potential expla-
nations of the detected bias and asymmetry in central banks’ interest rate projections,
a number of further research questions could be considered. For instance, given that
all central banks examined in this paper are under an inflation-targeting regime, an
approach to explain the implied asymmetry by nonlinear Taylor rules could look into
the question whether interest rate projections are internally consistent with the Taylor
principle. Moreover, as mentioned in Sect. 3, the sheer visual representation of actual
and projected interest rate paths raises the question whether there is a relationship
between business cycle positions and interest rate forecast errors.

What could explain our findings of an asymmetric loss function of central banks?
No direct measurement of the motivation of the central banks is possible in this con-
text. Moreover, interest rate projections of central banks are still a relatively new
phenomenon. However, a few considerations could at least suggest some answers to
this question. In times of very low or even negative interest rates, it could make mon-
etary policy more difficult in the future if the public began to believe that inflation
rates will stay very low for a longer period. Then, the public may reduce its aggre-
gate demand and, thereby, prolong the period of economic weakness. To avoid such
developments, it could be rational for a central bank to prefer too high interest rate
predictions instead of low interest rates forecasts. This would imply that the loss func-
tion of the central bank is asymmetric. In addition, this phenomenon should show up
in empirical analyses even more strongly if the data include relatively longer periods
of very low inflation and interest rates. This is the case in our investigation, because
our analysis covers largely periods of low economic activity and very low inflation
rates. These considerations could also explain why we find significant results when
we include a crisis dummy in our estimation model.

Another reason for the asymmetry that we find in our analysis may be related to the
differences in the speed with which central banks adjust their policy rates downwards
compared to upwards. There seems to be a tendency of central banks to be relatively
quick in stepping in with loose monetary policy in times of a downward pressure
on the economy and to be more reluctant to tighten policy stances fast, when price
stability risks becomemore imminent (Weidmann 2017).Many observers have noticed
such relatively fast interest-rate reductions in strong economic downturns. In what
became known as the “Greenspan put” or subsequently the “Bernanke put,” the US
Federal Reserve was believed to intervene in financial markets to prevent asset prices
to fall too fast (Hall 2011). The studies of Miller et al (2002), Goodhart (2008) and
De Nicolo et al (2010) examined this phenomenon. It is usually used as an argument
to explain the excessive risk-taking behavior of banks and financial institutions in the
run-up to the global financial crisis in 2008, but can also be considered against the
background of central banks’ interest rate projections (Cecchetti 2007). Assuming
that such a mechanism does indeed exist within central banks’ objective functions,
an asymmetry in adjusting the interest rate might result in a tendency to overpredict
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future interest rate paths when the projections do not anticipate this reluctance at
the time of publication of the projection. In other words, a discrepancy between a
more or less symmetric forecasting behavior and a subsequent asymmetric interest
rate setting behavior may lead to a forecast error different from zero in this scenario.
The assumption of a “Greenspan put” might, therefore, be another useful concept to
explain the examined overprediction tendency that we have detected in central banks’
interest rate projections.

Going forward, central bank interest rate projections are still a relatively new and
unexplored field within economic research. Once more data become available, this
would allow for more comprehensive studies.
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